Response waveforms of vertebrate photoreceptors: what are the underlying mechanisms?
A class of models is investigated using computer simulation in which the inner and outer segments of the vertebrate photoreceptor are coupled through a pump. The outer segment membrane conductance is controlled by an internal transmitter, activated by photolysis of the photosensitive molecules in the cell. Several possibilities for the coupling dynamics are investigated. The analysis favors the conclusion that the hyperpolarizing transient at high intensity stimuli arises from the coupling dynamics, (unless there is an extracellular current shunt path). It predicts, moreover, that the transient should be observed intracellularly, but not extracellularly to the outer segment. This is, in fact, the case. It also predicts that the transient should become more marked, as the steady state ratio of inner to outer segment currents decreases. The computer simulations are concerned with the intracellularly recorded responses; the long term adaptation parallel to pigment bleaching and regeneration is not considered explicitly here. In conclusion, it is shown that the state conditions as well as the response waveforms can be related to physiologically significant variables.